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Abstract objective Although distance has been identified as an important barrier to care, evidence for an
effect of distance to care on child mortality is inconsistent. We investigated the association of
distance to care with self-reported care seeking behaviours, neonatal and post-neonatal under-five
child mortality in rural areas of Burkina Faso.
methods We performed a cross-sectional survey in 14 rural areas from November 2014 to March
2015. About 100 000 women were interviewed on their pregnancy history and about 5000 mothers
were interviewed on their care seeking behaviours. Euclidean distances to the closest facility were
calculated. Mixed-effects logistic and Poisson regressions were used respectively to compute odds
ratios for care seeking behaviours and rate ratios for child mortality during the 5 years prior to the
survey.
results Thirty per cent of the children lived more than 7 km from a facility. After controlling for
confounding factors, there was a strong evidence of a decreasing trend in care seeking with increasing
distance to care (P ≤ 0.005). There was evidence for an increasing trend in early neonatal mortality
with increasing distance to care (P = 0.028), but not for late neonatal mortality (P = 0.479) and
post-neonatal under-five child mortality (P = 0.488). In their first week of life, neonates living 7 km
or more from a facility had an 18% higher mortality rate than neonates living within 2 km of a
facility (RR = 1.18; 95%CI 1.00, 1.39; P = 0.056). In the late neonatal period, despite the lack of
evidence for an association of mortality with distance, it is noteworthy that rate ratios were
consistent with a trend and similar to or larger than estimates in early neonatal mortality. In this
period, neonates living 7 km or more from a facility had an 18% higher mortality rate than neonates
living within 2 km of a facility (RR = 1.18; 95%CI 0.92, 1.52; P = 0.202). Thus, the lack of
evidence may reflect lower power due to fewer deaths rather than a weaker association.
conclusion While better geographic access to care is strongly associated with increased care
seeking in rural Burkina Faso, the impact on child mortality appears to be marginal. This suggests
that, in addition to improving access to services, attention needs to be paid to quality of those
services.
keywords distance to care, care seeking, under-five child mortality, neonatal mortality, Burkina Faso
Introduction
Despite a large reduction in under-five deaths worldwide
from 1990 to 2015, scenario-based projections suggest
that about two-thirds of all sub-Saharan African coun-
tries will need to accelerate their progress to achieve the
Sustainable Development Goal (SDG) target of 25 or
fewer under-five deaths per 1000 live births by 2030 [1].
An analysis of five countries using the Lives Saved Tool
(LiST) estimated that increases in coverage of obstetric
and newborn care accounted for 33% to 44% of averted
neonatal deaths depending on country, while increased
coverage of measures to prevent and treat infections
accounted respectively for 28% to 72% and for 2% to
10% of averted post-neonatal under-five deaths [2]. Poor
coverage of effective interventions for preventing child
deaths has been attributed to weaknesses in both provi-
sion of and demand for services [3, 4]. Increased
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provision of services through better access to good-qual-
ity care could therefore potentially reduce child mortal-
ity.
Access to care depends on a wide range of factors
including environmental factors and population charac-
teristics [5]. Although distance has been identified as an
important barrier to health care access (‘distance decay
effect’) [6–11], evidence for an effect of distance to care
on child mortality is inconclusive and at times contradic-
tory. While a review, based on eight studies in sub-
Saharan Africa, concluded that there was no robust evi-
dence of an association between distance to care and
child mortality [5], subsequent meta-analyses have
reported evidence of increasing mortality risk with
decreasing access to care in neonates, infants‘ and under-
five children [11, 12]. Here we report on the association
of distance to facility with care seeking behaviours,
neonatal and post-neonatal under-five child mortality
across 14 rural areas of Burkina Faso, with low health
service density.
Methods
Setting
Burkina Faso is a landlocked country in West Africa
with a population in 2015 estimated at 18 106 000
inhabitants (https://esa.un.org/unpd/wpp). About three-
quarters of the population live in rural areas, largely
depend on subsistence agriculture, and about half of
the population live below the poverty line [13]. Since
1990, the under-five mortality rate has declined from
an estimated 202 deaths per 1000 live births to 89 in
2015 [1].
The government is the main health service provider,
managing 83% of the facilities within the country in
2014 [14]. The country is divided into 13 regions and 63
health districts each with one district or regional hospital.
In 2014, the public health system included four Centres
Hospitaliers Universitaires (CHU), nine Centres Hospital-
iers Regionaux (CHR), 47 Centres Medicaux avec
Antenne Chriurgicale (CMA) and 1859 primary health
facilities, corresponding to about one hospital per
300 000 inhabitants and one primary facility per 10 000
inhabitants. In rural areas, primary health facilities, run
by nurses, are the most common point of care and pro-
vide a basic package of outpatient services. At the time
of the study, free antenatal care (ANC) and subsidised
childbirth and emergency obstetric and neonatal care
(EmONC) were provided in all public facilities (basic
EmONC in first level facilities, comprehensive EmONC
in second and third level facilities). Details of services
provided and their availability, as reported by the 2014
Service Availability and Readiness Assessment (SARA),
are given in Table 1 [14]. At the community level, case
management of malaria with artemisinin-based combina-
tion therapy (ACT) was scaled up in 2010 [15], and late
2013, the Micronutrient Initiative, together with the Min-
istry of Health (MoH), launched the Zinc Alliance for
Child Health (ZACH), with the aim of scaling up oral
rehydration salt (ORS) and zinc for treating childhood
diarrhoea.
Study design
We performed a cross-sectional household survey in 14
clusters across the country from November 2014 to
March 2015. Clusters were selected for inclusion in a
randomised trial evaluating the effect of a radio cam-
paign on family behaviours and child mortality [16, 17].
Each cluster was centred around a town with a commu-
nity FM radio station and included approximately
40 000 inhabitants with limited access to television. The
latter was achieved by excluding the communities living
in and within 5 km of towns, villages with electricity or
with more than 5000 inhabitants. With the exception of
Kantchari cluster, the study population had access to a
regional or district hospital in the town located at the
centre of the cluster.
In all villages, a census of households was performed
with Geographical Positioning System (GPS) co-ordinates
recorded. All women of the reproductive age were inter-
viewed on their pregnancy history and about 5000 moth-
ers with at least one under-five child was selected, using
systematic random sampling, to be interviewed on their
care seeking behaviours (contraception uptake, ANC
attendance and place of delivery for the last pregnancy of
more than 6 months duration, care seeking for child’s
fever, cough, fast/difficult breathing, diarrhoea in the
2 weeks prior to interview). Sample size calculations for
evaluation purposes have been reported elsewhere [16,
17].
A list of 1564 public health facilities located in or near
the 14 clusters included in the study was obtained from
the Burkina Faso MoH along with their GPS co-ordi-
nates.
Prior to the survey, fieldworkers received 2 weeks
training. The data collection involved 84 fieldworkers
who were deployed across the 14 clusters. Questionnaires
were programmed into Personal Digital Assistants (PDA)
and interviews were performed in local languages. Re-
interviews were requested for 7% of women due to
incompleteness and/or inconsistencies, and all re-inter-
views were completed.
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Ethics
The study was approved by the ethics committees of the
Burkina Faso MoH and the London School of Hygiene
and Tropical Medicine. Women recorded their consent to
participate in the survey on the PDA. This study was
embedded in a randomised trial evaluating the effect of a
radio campaign on family behaviours and child mortality
[16, 17]. The trial was registered at ClinicalTrial.gov
(Identifier: NCT01517230).
Analyses
Mortality analyses were performed using the survival-time
family of commands in Stata 13.1. The primary outcomes
of interest were neonatal (0 to 27 days of life) and post-
neonatal under-five child (1 to 59 months of life) mortal-
ity. Neonatal mortality was further broken down into early
(0 to 6 days of life) and late neonatal mortality (7 to
27 days of life). The period under study was restricted to
the 5 years prior to the first month of the survey; i.e. from
November 2009 to October 2014. The proportion of miss-
ing months of birth was low, at 2.6%, and these were ran-
domly imputed according to the DHS method [18].
Rate ratios for child mortality were computed using a
mixed-effects Poisson regression, with cluster fitted as a
fixed effect and village fitted as random effect. Control-
ling for cluster accounted for any effect of the radio cam-
paign on child mortality, though the evaluation did not
detect an effect [17].
Euclidean distances from each household to the closest
public health facility (all types) and to the closest public
hospital (CHU, CHR or CMA) were calculated in kilo-
metres. Missing GPS co-ordinates (5%) were replaced by
the village mean distance. Distance to the closest facility
was grouped into four categories (<2 km, 2–4 km, 4–
7 km and >7 km), corresponding approximately to quar-
tiles of the population. In Kantchari cluster, nearly all the
children (99.6%) lived 30 km or more away from a hos-
pital. Analyses of distance to the closest hospital there-
fore excluded Kantchari cluster, and distance to the
closest hospital was grouped into three categories
(<10 km, 10–20 km and >20 km), corresponding approx-
imately to tertiles.
The model included the household wealth quintile,
mother’s age at the child’s birth, child’s gender and age
(split into the following bands: <1, 1–5, 6–11, 12–17,
18–23, 24–35 and 36–59 months old) as forced variables.
Other covariates associated with both the child mortality
and distance to the closest facility or hospital were
included as potential confounding factors: at the mother’s
level, ethnicity, religion, education level, marital status
and duration of residence in the village; at the child level,
birth order, preceding and succeeding birth interval
lengths. The household wealth quintile was generated
from a household wealth index computed from the first
component of a polychoric principal component analysis
of 22 household assets and goods [19].
Care seeking behaviours included use of a modern con-
traceptive method, attendance at four or more ANC
Table 1 Services, trainings, and essential medicines available in
health facilities (%)
Health facilities†
1st
level
2nd
level
3rd
level
Antenatal care (ANC)
Iron and folic acid supplementation 90 72 89
Intermittent preventive treatment (IPT) 91 71 89
Tetanus toxoid vaccination 89 55 44
Blood pressure monitoring 90 72 89
Basic emergency obstetric and neonatal care (BEmONC)
Parenteral antibiotics 78 71 89
Parenteral oxytocin 80 71 89
Parenteral magnesium sulphate 17 64 89
Assisted vaginal delivery 89 70 89
Manual removal of placenta 71 70 83
Removal of retained products 12 67 83
Neonatal resuscitation
(with bag and mask)
27 65 94
Comprehensive emergency obstetric and neonatal care
(CEmONC)
Caesarean section 0 60 89
Blood transfusion 0 62 94
Training (two past years)
Health workers trained in ANC 56 73 56
Health workers trained in
essential obstetric care
61 86 76
Health workers trained in
neonatal resuscitation
41 83 100
Health workers trained in IMCI 63 58 39
Essential medicines (availability observed or reported)
ACT tablet 91 65 78
Amoxicillin dispersible tablets or syrup 83 60 67
Cotrimoxazole syrup 85 65 67
ORS 82 54 72
Parenteral ampicillin 90 70 83
Parenteral or rectal artesunate 33 45 61
Parenteral gentamicin 81 72 83
Parenteral oxytocin 96 97 88
Parenteral magnesium sulphate 23 80 88
Sulphadoxine/Pyrimethamine tablet 66 39 75
Source: 2014 Service Availability and Readiness Assessment
(SARA).
†1st level: Primary health facilities; 2nd level: Centres Medicaux
avec Antenne Chriurgicale (CMA); 3rd level: Centres Hospitaliers
Universitaires (CHU), Centres Hospitaliers Regionaux (CHR).
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visits, facility delivery and care seeking for childhood ill-
ness. Modern contraception was defined as oral contra-
ception, intra-uterine device (IUD), implant, injectable,
sterilisation, diaphragm or spermicidal agents.
The analysis of the association between distance to the
closest facility and care seeking behaviours used mixed-
effects logistic regression with cluster as a fixed effect
and village as a random effect. The evaluation of the
radio campaign found some evidence for an effect on
care seeking behaviours [16, 17] and controlling for clus-
ter will have accounted for this. The model included the
household wealth quintile, mother’s age at interview,
child’s gender and age at interview as forced variables.
Mother’s ethnicity, religion, education level, marital sta-
tus, duration of residence in the village, and parity (num-
ber of stillbirths and live births) were included as
potential confounders.
Effect modification by household wealth tertile and
mother’s school attendance was assessed by fitting a lin-
ear interaction term between the factor of interest and
the distance to facility in the final model in order to
investigate whether the association of distance to care
with either self-reported care seeking behaviours or child
mortality differed by socio-economic status and maternal
education.
Results
The survey identified a total of 108 151 women as resi-
dent in study villages, of whom 104 303 were present at
the time of the survey (3.6% absent), 104 219 gave their
consent to be interviewed (<1% refusals), 102 684 were
aged 15 to 49 years old and provided information on
359 081 live births. All analyses were restricted to the
194 293 children under-five who contributed person-time
at risk to the study period. A total of 12 841 under-five
deaths were recorded, of which 20% (2612) occurred in
the first 28 days of life. The neonatal (0 to 27 days),
post-neonatal (1 to 59 months) and under-five (0 to
59 months) child mortality risks were estimated at 23.4
per 1000 live births, 97.8 per 1000 children and 118.9
per 1000 live births respectively. In the neonatal period,
66% (1732) of neonatal deaths occurred in the first week
of life (0 to 6 days) and the early (0 to 6 days) and late
(7 to 27 days) neonatal mortality risks were estimated at
15.5 and 8.0 per 1000 live births respectively.
In total, 5657 mothers of children under 5 years were
selected to be interviewed on their behaviours. All con-
sented. Of these, 5110 women were not pregnant at the
time of interview, of whom 27% reported current use of
modern contraception. Forty-nine per cent of all women
reported four or more ANC visits and 80% reported
having given birth in a facility for their last pregnancy.
Fifty-one per cent of mothers with a sick child in the past
2 weeks reported having sought care in a facility. Care
seeking in a hospital was rare (reported by 6% or fewer
women).
Cluster-adjusted associations of socio-demographic
characteristics with under-five child mortality, neonatal
mortality, post-neonatal under-five child mortality and
self-reported care seeking behaviours are shown in
Table 2 and Tables S1–S6.
While 25% of children lived within 2 km of a facility,
21% between 2 and 4 km, 24% between 4 and 7 km
and 30% lived beyond 7 km. Children (excluding
Kantchari cluster) were further away from a hospital:
24% of children lived within 10 km of a hospital, 61%
between 10 and 20 km and 15% beyond 20 km. On
average, children lived 5 km away from a facility (up to
23 km) and 14 km away from a hospital (up to 37 km).
For the vast majority of children, the closest facility was
a primary health facility (96%). Associations of covari-
ates with distance to care are shown in Table S7a–c).
After controlling for forced variables and potential
confounding factors, there was some evidence for an
increasing trend in neonatal child mortality with increas-
ing distance to care (P = 0.014), but not for post-neona-
tal under-five child mortality (P = 0.488) (Table 3).
Neonates who lived 7 km or more from a facility had a
19% higher mortality rate compared to neonates who
lived within 2 km of a facility (RR = 1.19; 95%CI 1.03,
1.38; P = 0.021). By contrast, in the post-neonatal period
(1 to 59 months), children who lived 7 km or more from
a facility had only a 4% higher mortality rate compared
to children who lived within 2 km of a facility
(RR = 1.04; 95%CI 0.95, 1.13; P = 0.392). Subdividing
the neonatal period, evidence for an effect was observed
in the early neonatal period (P = 0.028) but not in the
late neonatal period although rate ratios were consistent
with a trend (P = 0.479). In the first week of life, the
mortality rate was 18% higher for neonates who lived
7 km or more from a facility than for neonates who lived
2 km of a facility (RR = 1.18; 95%CI 1.00, 1.39;
P = 0.056). There was no statistical evidence for an
increasing trend in either neonatal mortality (P = 0.701)
or post-neonatal child mortality (P = 0.162) with increas-
ing distance to the closest hospital.
With respect to self-reported care seeking behaviours,
there was strong evidence for a decreasing trend in care
seeking with increasing distance to care after adjusting
for forced variables and potential confounding factors
(P ≤ 0.005) (Table 4). For instance, women who lived
7 km or more from a facility had 78% lower odds of
facility delivery (OR = 0.22; 95%CI 0.15, 0.33;
4 © 2018 The Authors. Tropical Medicine & International Health Published by John Wiley & Sons Ltd.
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P < 0.001) than women who lived within 2 km of a
facility.
There was no evidence that the associations of distance
to the closest facility or hospital with neonatal or post-
neonatal mortality varied by household wealth tertile
(P > 0.470) or mother’s school attendance (P > 0.101).
Similar findings were found with respect to the associa-
tions of distance to care with care seeking behaviours.
Sensitivity analyses
Facilities are often located in relatively larger villages
where more commodities (e.g. market, school) are avail-
able compared with more remote villages. Therefore, liv-
ing further away from a village with a facility might lead
to greater poverty, lower education level, or, because of
lower contraception uptake, shorter birth interval lengths.
Excluding household wealth quintile, mother’s level of
education, and birth intervals in turn had no important
effect on the final results, although excluding birth inter-
vals slightly increased the strength of the association of
distance to care with neonatal and post-neonatal under-
five child mortality (Table S8). Similarly, excluding
household wealth quintile or mother’s education level
from the multivariable analysis of care seeking beha-
viours made no or little difference to the results
(Table S9).
Discussion
In our study population, around a third of women and
their children lived 7 km or more from a facility. We
observed a steep decline in self-reported facility delivery
and other care seeking behaviours with increasing distance
to care. However, while there was some evidence for an
increase in the neonatal mortality rate with increasing dis-
tance to care (P = 0.014), no evidence was found for an
increase in the post-neonatal under-five child mortality rate
with increasing distance (P = 0.488). Furthermore, in the
neonatal period, evidence for an effect of distance to care
on mortality was observed in the early neonatal period
(P = 0.028), but not in the late neonatal period although
rate ratios were consistent with a trend (P = 0.479). A
meta-analysis of 13 studies conducted in LMIC also
reported stronger effects of distance to care on perinatal
and neonatal mortality than on infant and under-five child
mortality [12] and analysis of 29 Demographic and Health
Surveys reported similar findings [11].
In our study, 66% of neonatal deaths occurred in the
first week after birth, with over half of these deaths occur-
ring within 2 days of birth. The greater effect of distance
to care in the early neonatal period (0 to 6 days) comparedT
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with the late neonatal (7 to 27 days) and post-neonatal (1
to 59 months) periods seems plausible given that neonates
are more vulnerable to rapidly progressive conditions, so
that distance to care is an important determinant of early
neonatal survival. In the late neonatal period, it is notewor-
thy, however, that rate ratios were similar to or larger than
estimates in early neonatal mortality. Thus, the lack of evi-
dence may reflect the lower power due to fewer deaths
rather than a weaker association.
Furthermore, suboptimal quality of childbirth care and
management of key conditions including malaria, pneumo-
nia and diarrhoea might have weakened the strength of the
associations of distance to care with neonatal and post-
neonatal mortality we observed. In Malawi, proximity to
delivery care was also strongly associated with higher facil-
ity delivery, but not with lower early neonatal mortality
[8]. In contrast, in Ethiopia, evidence that proximity to
comprehensive EmONC that was associated with lower
early neonatal mortality was observed [20]. In our study, a
relatively high neonatal mortality rate (20.3 per 1000 live
births) was found even in neonates who lived within 2 km
of a facility and despite the fact that 94% of their mothers
reported having given birth in a facility. Similarly,
although about 60% of women living within 2 km of a
facility reported seeking care for their child, post-neonatal
under-five child mortality within this distance was still high
(79.6 per 1000 children). In the 2014 SARA, three of the
seven basic EmONC signal functions had poor availability,
and only 61%, 41% and 63% of staff were trained in
EmONC, neonatal resuscitation and IMCI guidelines
respectively (Table 1). In 2011, while 91% of children
with presumed uncomplicated malaria were observed to
receive an ACT, only 34% of children with signs of pneu-
monia and 30% of children with diarrhoea were correctly
prescribed antibiotics and ORS respectively [21]. The very
low proportion of women who reported having given birth
by caesarean section for their last delivery (only 1% over-
all), well below the expected 5% to 10% rate [22], also
suggests issues in the quality of childbirth care.
Lastly, in some contexts, the strength of the association
of distance to care with child mortality could be weak-
ened if there was a large coverage of community case
management of childhood illnesses. However, we do not
believe that this has affected our findings substantially.
At the time of our survey, the proportion of community
health worker (CHW) in surveyed villages with ACT and
ORS available was 43.6% and 28.0%, respectively, and
only 11.5% of mothers reported to have visited a CHW
for treating their children (fever, diarrhoea or cough/diffi-
cult breathing). Another survey conducted in Burkina
Faso during 2011-2013 reported that between 1% and
9% of sick children consulted a CHW [15].
Limitations
Our study has some limitations. First, Euclidian distances
from each household to the closest facility were calcu-
lated. In Ethiopia, an association of under-five child mor-
tality was observed with travelled distance or walking
travel time to care, but not with distance measured as
straight line [12]. Thus, the use of Euclidian distance
rather than network distance may have attenuated the
observed associations of distance to care with mortality.
Second, our study excluded communities living in and
within 5 km of towns and in villages above 5000 inhabi-
tants and is therefore not representative of the rural pop-
ulation of Burkina Faso. Nevertheless, the 2014 Burkina
Faso MoH statistics reported that 40% of the whole pop-
ulation lived 5 km or more from a facility compared with
45% in our study [23]. We did not find evidence for an
increase in either neonatal mortality (P = 0.701) or post-
neonatal under-five child mortality (P = 0.162) with
increasing distance to hospital. An obvious explanation
for this finding is the infrequency of care seeking in a
hospital for both childbirth and childhood illnesses
observed in our study (6% or less). Hospitals being
located in towns, our study population therefore
excluded communities living <5 km away from a hospi-
tal. A review has highlighted the fact that some studies
suggest that use of hospitals for delivery care only
increases substantially when women live very close to a
hospital [24]. Thus we cannot exclude the possibility that
short distances to hospital (<5 km) are associated with
increased child survival in Burkina Faso.
Third, distance to care was measured once, at the time
of interview. According to Burkina Faso MoH reports,
50 public facilities were constructed between 2010 and
2014 in the health districts containing clusters included
in this survey. Although nearly all women (97%) in our
study reported having lived for 3 years or more in their
village, some children were likely not exposed to the
same distance to care throughout the whole study period
which may have weakened the observed associations of
distance with mortality.
Fourth, mortality data, collected by interviewing women
about their pregnancy histories, are subject to errors.
Women may be reluctant to report sad events, such as
neonatal deaths in particular. In addition, misclassification
of very early neonatal deaths as stillbirths may be more
likely in remote villages where home-based deliveries, dur-
ing which brief signs of life in a newborn may be unno-
ticed, are more common [25]. In our study, home-based
deliveries were reported by 41% of women who lived
7 km or more from a facility in our study compared with
6% of women within 2 km of a facility. In 2015, 30% of
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under-five deaths were estimated to occur in the neonatal
period in Burkina Faso [26] compared to 20% in our
study. We cannot exclude the possibility of some under-
reporting of neonatal deaths, and if women in more remote
villages were more likely to under-report neonatal deaths,
this would have weakened the observed association of dis-
tance with neonatal mortality.
Fifth, we cannot exclude possible residual confound-
ing. In our study, we found evidence for decreasing
trends in vitamin A uptake in the past 6 months and in
sanitation related behaviours with increasing distance to
care. These risk factors for mortality, which could not
be adjusted for in our analyses (only collected during
interviews on behaviours), could have resulted in an
overestimate of the association between distance and
mortality.
Conclusion
In summary, despite strong evidence for an association of
distance to facility with care seeking behaviours, there
was only some evidence for an effect of distance to care
on neonatal mortality, particularly in the first week of
life, and no evidence for an effect of distance on post-
neonatal under-five child mortality.
In 2016, free care for under-five children was intro-
duced in Burkina Faso, which removes part of the finan-
cial barrier to care seeking. Our findings suggest that
better geographic access to facility can promote care
seeking behaviours, but also suggest that improving geo-
graphic access alone without improving quality of care
may have limited impact on child mortality.
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